Vascular sympathetic neuroeffector associations have been examined in rat iris arterioles using serial section electron microscopy and reconstruction techniques. Examination of random sections showed that, of all profiles of varicosities (199) seen to lie closer than 4 µm to vascular smooth muscle cells, only a small proportion (29\199) were found in close association with vascular smooth muscle cells, where adjacent membranes were separated by less than 100 nm. However, serial section examination, from intervaricose region to intervaricose region, of 79 varicosities similarly observed lying within 4 µm of vascular smooth muscle cells showed that 54 formed close associations with vascular smooth muscle cells. In serial sections, all these varicosities were also closely associated with melanocytes and of the 25 remaining varicosities, 22 formed close associations with melanocytes alone, whilst 3 did not come into close association with any effector cell. The increased observation of close associations with vascular smooth muscle cells in serial sections, compared with random sections, is consistent with the demonstration that the area of contact only occupies, on average, a small percentage (5 %) of the total surface area of the varicosity as seen in the 3-dimensional reconstructions. In both random and serial sections, close associations were observed between varicosities and vascular smooth muscle cells or melanocytes irrespective of whether fibres were present singly or in small nerve bundles. Three-dimensional reconstruction of associations of varicosities and vascular smooth muscle cells demonstrated several common features, such as accumulations of synaptic vesicles and loss of Schwann cell covering at the region of membrane facing the effector cell. The similarity in the appearance of the neuroeffector association seen in this study and those described in previous studies provides evidence for the existence of a common sympathetic neuroeffector association, irrespective of the receptor subtype involved in neurotransmission.
. Extensive associations of sympathetic nerves with the dilator and sphincter muscles, pigment cells (melanocytes) and arterioles located in the anterior iris stroma have been described (Hedlund et al. 1984 ; Gould & Hill, 1994) . Recent electrophysiological and pharmacological studies from our laboratory (Hill et al. 1991 (Hill et al. , 1993 (Hill et al. , 1996 Gould & Hill, 1994 , 1996 , have examined in detail the innervation of the dilator muscle and iridial arterioles.
In the past, sympathetic neurotransmission was thought to involve neurotransmitter release from varicosities located along axons at variable distances from the effector cells (Barajas, 1964 ; Bevan et al. 1980 ; Rowan & Bevan, 1983 ; Burnstock, 1985 ; Burnstock & Ralevic, 1994) . Variability in the distance between varicosities and muscle cells has been reported in a wide range of vascular beds (see e.g. Lever et al. 1965 ; Burnstock et al. 1970 ; Lee, 1977 Lee, , 1981 Matsuyama et al. 1985 ; Burnstock, 1986 ; Rowan & Bevan, 1987 ; Burnstock & Ralevic, 1994) . This point of view was based on ultrastructural analysis of sections selected at random. More recent studies, using serial section electron microscopy and reconstruction techniques, have demonstrated that a specialised neuroeffector region is present in tissues innervated by autonomic nerves and that neurotransmitter release occurs at these sites (Luff et al. 1987 (Luff et al. , 1991 (Luff et al. , 1992 (Luff et al. , 1995 Luff & McLachlan, 1988 ; Klemm et al. 1992 Klemm et al. , 1993 Choate et al. 1993 ; Hill et al. 1993 ; Klemm, 1995 ; Bennett, 1996 ; Cottee et al. 1996 ; see also Hirst et al. 1996 ; Luff, 1996) .
The autonomic neuroeffector region has been defined as the varicosity or region of axonal enlargement, bare of Schwann cell on the side facing towards the effector cell. The varicosity contains an accumulation of synaptic vesicles and mitochondria and the separation of nerve and muscle membranes is less than 90-100 nm (Luff & McLachlan, 1988) . Such specialised sympathetic neuroeffector sites have been described in a number of vascular beds (Luff et al. 1987 ; see Hirst et al. 1996 ; Luff, 1996 , for reviews).
Responses to sympathetic nerve stimulation in the arterioles of the rat iris are mediated purely by α-adrenoceptors (Gould & Hill, 1994) . These vessels therefore differ from those arterial vessels studied previously using serial section reconstruction methods (e.g. Luff et al. 1987 Luff et al. , 1995 . In these latter arteries, postjunctional contractile responses result from the activation by noradrenaline of receptors which are not blocked by α-adrenoceptor antagonists, as well as receptors which are blocked by these drugs. In mesenteric veins of the guinea pig, on the other hand, sympathetic responses are mediated solely by α-adrenoceptors (van Helden, 1988) , like those of the iridial arterioles. Serial section reconstruction analysis has demonstrated that a very high proportion (98 %) of varicosities in mesenteric veins form the type of neuroeffector specialisation described above (Klemm et al. 1993) . Since no such analysis has previously been attempted in arteries where adrenergic transmission occurs only via α-adrenoceptors, it was of interest to conduct such a study in the arterioles of the rat iris.
The results of this study should provide evidence as to whether the neuroeffector associations reported in other arteries and in mesenteric veins are typical of autonomic neuroeffector associations, irrespective of the neurotransmitter receptor subtype.

Characteristics of the sympathetic innervation of iris arterioles were assessed using serial section electron microscopy and 3-dimensional reconstruction.
Electron microscopy and reconstruction
Wistar Kyoto rats aged 3 wk were used for these studies. Our previous electrophysiological studies have found no differences in the sympathetic nerve mediated mechanisms in rats aged between 3 and 6 wk (Gould & Hill, 1994 , 1996 . Irides were dissected in Krebs' solution containing [m] NaCl 120, KCl 5.0, CaCl # 2.5, MgCl # 2.0, NaH # PO % 1.0, NaHCO $ 25 and glucose 28. To visualise catecholaminergic nerves, the retina and lens were removed and the iris, protected from mechanical damage by the intact cornea, was incubated in Krebs' solution, lightly bubbled with O # \CO # (95 % : 5 %), 36-37 mC for 30 min and then in Krebs' solution containing 50 µg\ml of 5-hydroxydopamine (hydrochloride, Sigma) for 45 min (Tranzer & Thoenen, 1967 a, b ; as modified by Llewellyn-Smith et al. 1981) . In previous studies, incubations of irides, as above, in Krebs' solution for several hours did not alter the physiological responsiveness of the arterioles to nerve stimulation when subsequently stretched and pinned in the recording chamber (Gould & Hill, 1994 ; 1996) . After incubation in 5-hydroxydopamine, the cornea was removed and the iris cut in half, stretched and pinned flat, in a similar manner to that for the physiological studies. This permitted the optimal alignment of vessels for sectioning. Preparations were fixed for 2 h in 2 % paraformaldehyde, 0.5 % glutaraldehyde in 0.1  sodium cacodylate buffer at pH 7.35 at room temperature, postfixed in 2 % OsO % in the same buffer for 2 h at 4 mC, stained in 2 % aqueous uranyl acetate for 2 h and embedded conventionally in Araldite 502.
All sections for electron microscopy were cut with a diamond knife on a Reichert Ultracut E or S microtome, mounted on Formvar-coated (1 % in chloroform) slot grids and stained with lead citrate.
For studies of the relationships between adrenergic nerve varicosities and vascular smooth muscle (VSM) cells, serial sections (90-100 nm thick) were cut parallel to the longitudinal axis of the selected blood vessel over a distance of 10-12 µm, from iris preparations of 3 rats. By using longitudinal, rather than transverse sections, a greater length of a vessel and its associated axon profiles could be sampled (547, 955 and 257 µm for the 3 animals).
The method for serial section analysis was similar to that of Luff et al. (1987) . Individual sections were usually silver to pale gold in colour. If section colour differed, this was recorded and allowed for in subsequent reconstruction below. A central section in each series was selected and photographed at low power on plate film on either a Philips 301 or CM10 electron microscope. These central sections were subsequently used for the random section analysis, and all varicose and nonvaricose nerve profiles (total of 511) closer than 4 µm to the arteriolar smooth muscle were photographed at either i11 000 or i25 000 and numbered on the montage. For serial section analysis, all varicosities (79) encountered in the central section of the 2 series which sampled the shorter arteriolar lengths (547 and 257 µm) were examined in preceding and subsequent sections. A number of parameters were recorded in these and the reconstruction analyses. These included the number of axons present (if the profile was in a bundle), the number of varicose profiles, the separation of the varicosity from the effector cell ( 100 nm or 100 nm), the nature of the Schwann cell association with the varicosity (whether a region bare of Schwann cell was present and its position relative to the effector cell), the presence of postsynaptic associations (membrane specialisations or caveolae), and associations of the varicosity with other effector cells (such as melanocytes).
A sectioned nerve profile was considered to be a varicosity if it represented an axonal swelling and contained a collection of synaptic vesicles (small vesicles " 50 nm in diameter, or large vesicles " 100 nm in diameter), mitochondria and occasional microtubules. Conversely, intervaricose profiles were recognised as axonal regions between varicosities that contained microtubules but lacked mitochondria and in general had fewer synaptic vesicles (see also, e.g. Burnstock & Costa, 1975 ; Gordon-Weeks, 1988 ; Hirst et al. 1996) . Bundles refer to more than 1 axon (varicose or intervaricose) surrounded by a single Schwann cell or alternatively, varicosities which lie beside each other with no intervening Schwann cell and an apposition of 20 nm.
We have arbitrarily defined a ' close association ' as an apposition of varicosity and effector cell membranes of 100 nm with no intervening cell, where there was no basal lamina or a single fused basal lamina. Separations of varicosity and effector cell of 100 nm with or without an intervening cell are therefore referred to as ' nonclose association ' (Tables  2-4) . Varicosities which contained small granular synaptic vesicles, small agranular vesicles and occasional large dense cored vesicles were characterised as adrenergic varicosities (Tranzer & Thoenen, 1967 b ; Burnstock et al. 1970 ; Luff et al. 1992 ). Melanocytes were identified by the presence of large cytoplasmic inclusions or melanosomes. In the albino rats of this study, these melanosomes did not contain melanin. To determine whether stretching had any effect on the morphology of the associations between varicosities and effector cells, freshly dissected unstretched irides were fixed and prepared in the above manner. Profiles of varicosities were selected from a short series of sections, photographed at i20 000 on a Hitachi 7100 electron microscope, and the details of neuroeffector associations recorded from the photographs.
For reconstruction, selected varicosities (n l 7) were photographed at i19 000 or i25 000 on plate film, from intervaricose region to intervaricose region (identified according to Gabella, 1981 ; Gibbins, 1982 ; Klemm et al. 1992 ; Hirst et al. 1996) . Each photographed profile was digitised, from either a negative or a contact print, using an AVR 8800 flatbed scanner (AVR Technology Inc., California, USA), with or without a transparency head, at a resolution of 350 or 400 dots per inch.
Reconstruction of the digitised serial sections was performed using a variety of tools. The images were digitally enhanced for contrast to aid the task of manually aligning images. Once aligned, individual features were traced using the IMOD software package (Kremer et al. 1996) . 3D meshes were constructed using a combination of IMOD and side effects PRISMS software (Version 6.1, Innovative Effects, Toronto). Image rendering was performed using the PRISMS and HOUDINI software packages. The software used in reconstruction was run on a Silicon Graphics Reality Engine and High Impact Workstation, which provided the fast feedback desirable for adequate computer manipulation. Surface area and volume measurements were obtained using the PRISMS software package by correlating pixel size with standardised electron micrographs at specific magnifications.


General observations
Like other arterioles, those of the iris consisted of a single layer of smooth muscle cells surrounding a tubular endothelial cell layer. The smooth muscle cells enlargements or varicosities, that contained large and small synaptic vesicles, mitochondria and microtubules (Fig. 1) . The variability in the degree of stretch between individual preparations was assessed by counting the number of smooth muscle cell profiles, larger than 1 µm in width, in a 200 µm length of the vessel in each of the 3 rats studied. For the 3 series, these counts were 112, 116 and 124 respectively, suggesting that any effects of stretch were constant between the 3 preparations.
The effect of stretch on the morphology of the neuroeffector associations was examined from unstretched material in a short series of sections. Associations observed in this material were the same as those found in stretched material. Figure 2 shows separations of membranes of varicosities and adjacent melanocytes of 20-40 nm, comparable to those seen in Figures 1 and 3 . This tissue was not treated with 5-hydroxydopamine and shows slightly better preservation of membranes than that observed in treated tissue.
Random section analysis
Of 3 series of thin sections each taken from a different animal, the central section of each was used as the example of a random section. The arteriolar lengths Values represent means and standard errors of means for the varicosities in Table 2 , with the range in parentheses. sampled in these 3 random sections were 547, 955 and 257 µm. In the combined arteriolar length of 1759 µm, 511 individual fibre profiles were observed to lie closer than 4 µm to the VSM ; 199 of these profiles were varicosities and 312 were intervaricose (Table 1 ). The numbers of varicose profiles in the 3 preparations were 57, 120 and 22 respectively. Varicosities were present both as single fibres and within bundles. The vast majority of the nerve profiles counted were present in bundles, and these contained on average 5 axons (mean 5.03 : p0.63 : range 2-38). Varicosities were seen in 73 % (58\79) of bundles, but 40 % (79\199) of all varicosities occurred singly (Table 1 ).
In the 3 central random sections, all but 8 of a total of 199 varicosities contained 1 or more small granular vesicles. Five of these 8 contained at least 1 small granular vesicle in an adjacent section. The remaining 3 profiles had an intervening melanocyte between them and the VSM and were 750, 818 and 840 nm from the nearest VSM cell, and contained 45, 53 and 165 agranular synaptic vesicles respectively. These profiles were not further studied, as they presumably represented profiles of cholinergic nerves.
With a single exception, which was not included in the analysis, all fibres noted in Table 1 were unmyelinated. The intervaricosity counts in Table 1 may be underestimated due to their small size and appearance, in that they are similar to other structures in the surrounding tissue, such as cytoplasmic projections of melanocytes.
The majority of profiles of varicosities observed in random sections were not closely associated with VSM cells in the plane of the section (Table 2 , 85 %, 170\199). Of the 15 % (29\199) of varicosities which were seen in random section to be closely apposed to VSM cells (Fig. 1 a) , the majority (86 %, 25\29) occurred as single varicosities (Table 2 ). Of the varicosities that were not observed to lie in close apposition with VSM cells, 65 % (111\170) were seen to form close appositions with melanocytes ( Fig. 1 c,  Table 2 ). About half of these varicosities were present in bundles (Table 2, 65\111). Many varicosities in Fig. 3 . Associations of sympathetic varicosities in bundles with VSM cells and melanocytes. Three fibres are present in a bundle surrounded by a single Schwann cell (sc). One varicosity (v) comes into close association with a VSM cell and a melanocyte (m) (a) and approximately 1.4 µm beyond this point makes a similar association with a melanocyte only (b). The apparently intervening cell processes in b were examined in adjacent sections and found to be processes of this melanocyte. Localised accumulations of vesicles can be seen near the presynaptic membrane. The areas between the arrowheads represent regions of closest apposition between varicosity and effector cell membrane 100 nm. The 2 nerve fibres which did not form close associations with VSM or melanocytes in these 2 sections contained some small granular vesicles in other sections of the series. The positions of panels a and b are shown as dashed and solid lines respectively in the reconstruction in Fig. 5 
these single sections (30 %, 59\199) were not seen to lie in close apposition with any effector cell. These varicosities were usually present in bundles (86 %, 51\59). Accumulations of synaptic vesicles on the presynaptic membrane facing the nearest adjacent cell were observed in some varicosities (Fig. 1) . Under the present conditions of preparation, no pre or postsynaptic membrane specialisations were observed. Table 3 shows details of the appositions of varicosities and effector cells in random sections. The majority of varicosities closely associated with VSM cells also came into close apposition with melanocytes (mean separation 100 nm). For varicosities in close association with melanocytes, the average separation of adjacent membranes was significantly smaller than that for close associations with VSM cells (Table 3) . Associations of varicosities and VSM cells with an intervening cell were generally more distant than those with no intervening cell (Table 3 ). All intervening cells were identified as melanocytes.
Serial section analysis
The 2 serial section series which sampled the shorter arteriolar lengths (547 and 257 µm) were used for analysis. Of the total of 79 varicosities followed, 68 % (54\79) were at some point closely associated with VSM (Table 4) . Of the remaining 25 varicosities which did not come into close apposition with VSM, 22 were closely associated with melanocytes while the remaining 3 did not form a specialised relationship with any effector cell. If all varicosities in close apposition with an effector were considered collectively, the vast majority of all varicosities (96 %, 76\79) were found to be closely associated with an effector cell (Table 4) . No specific localisation of synaptic vesicles was observed in varicosities which were not closely associated with an effector cell.
All the varicosities which were closely associated with VSM cells were also closely associated with melanocytes ( Fig. 1 a, b) . Of these, approximately equal proportions of single varicosities (29\54) and varicosities in bundles (25\54) were found to be closely associated with effector cells, whilst the majority of varicosities in close apposition only to melanocytes were found in bundles (19\22) rather than as single fibres (3\22 , Table 4 ). Thus, in serial sections, more varicosities in bundles were found to be closely associated with an effector than was indicated by random section analysis (Figs 3 a, b) .
Reconstruction of 7 varicosities from serial sections (see e.g. Fig. 4) showed that close appositions between Fig. 5 . Reconstructions of sympathetic neuroeffector junctions in rat iridial arterioles. a-c are reconstructions from 33 serial sections of a single varicosity which formed close associations with a VSM cell and a melanocyte ; d-f are reconstructions from 52 serial sections of a bundle with 3 fibres, in close association with a VSM cell and a melanocyte. In both series, the Schwann cell is yellow, the VSM cell membrane is brown, the caveolae are yellow circles associated with the VSM membrane, the small granular vesicles are purple, the small agranular vesicles are pink, the large granular vesicles are green and the area of close apposition between the VSM cell and the varicosity is seen in blue. a, b, d and e represent lateral views of the varicosities (grey) overlying the VSM cells, with the axolemma and Schwann cell removed in b and e (a and b are slightly rotated to show vesicle distribution clearly, hence the changes in the angle of the lines showing section positions in a and b). The approximate areas of close association with the VSM are indicated at (1), and with melanocytes are indicated at (2). In c and f, each varicosity has been rotated by 90m to show an underlying view of the size and shape of the region of close apposition between the VSM cell and varicosity. The other 2 fibres in the bundle shown in d-f formed close associations with melanocytes and for one of them, also with a VSM cell. For simplicity, these associations are not shown in the reconstructions. The dashed line in a-c indicates the approximate position of Fig. 1 a, the membranes of individual varicosities and VSM cells were found in 5 varicosities while the remaining 2 varicosities were closely apposed to melanocytes. All 5 varicosities which were closely associated with VSM cells were also closely associated with melanocytes. The area of close apposition with melanocytes generally occurred on a region of the varicosity opposite that in association with the arteriolar smooth muscle. Separate accumulations of synaptic vesicles were observed adjacent to the VSM cell, as well as adjacent to the melanocyte. A greater accumulation of vesicles occurred near the melanocyte. Large synaptic vesicles showed no specific association with the area of membrane representing the neuroeffector association (see Fig. 5 b, e) . Figure 5 c, f shows the region of closest apposition of the varicosity to the VSM. When the positions of caveolae were added to the muscle cell membrane, no specific correlation could be seen between their distribution and the area of muscle membrane which came into close apposition with the varicosity. Table 5 summarises the statistical data for the 7 reconstructed varicosities. The ' contact area ' for the VSM refers to the area of the VSM cell and corresponding varicosity bare of Schwann cell with a separation of cell membranes of 100 nm. The ' contact area ' for the melanocyte refers to the corresponding region between the melanocyte and varicosity. Reconstructed varicosities showed considerable variation in size and shape, as did the contact areas of the varicosities and effector cells. In general, varicosities were seen as elongated swellings which were frequently asymmetric in shape. Contact areas with melanocytes were consistently larger than with VSM cells. When contact areas were expressed relative to the total surface area of the respective varicosity, the VSM contact areas were between 2 and 7 % of total surface area, whilst the melanocyte contact areas were between 13 and 39 % of total surface area of the varicosity.
Additional images of the reconstructed varicosities can be viewed on the WWW at : http :\\anusf.anu.edu.au\anusfIvisualization\vizI showcase\shaunIsandow\

In this study, a very high proportion of close associations of 100 nm was observed between sympathetic varicosities and VSM cells or melanocytes. These associations are similar to those specialised neuroeffector regions reported recently in a number of other tissues (see Hirst et al. 1996 ; Luff, 1996 , for reviews). This observation further supports the contention that such an organised neuroeffector junction is characteristic of sympathetic postganglionic innervation of vascular smooth muscles irrespective of the receptor subtype involved in neurotransmission.
Analysis of random ultrastructural sections of iris arterioles revealed that only 15 % of single sections of varicosities showed close associations with VSM cells, although the majority of these sections of varicosities showed close associations with melanocytes. In serial sections, however, 68 % of all varicosities were found to be in close apposition with VSM cells, and all these varicosities were also in close apposition with melanocytes. These data suggest that the area of close association with the VSM is only a small proportion of the surface area of the varicosity and smaller than that in association with melanocytes. Reconstruction of 7 varicosities confirmed these predictions. The contact area of varicosity with VSM was only about 5 % of the surface area of the varicosity while that associated with the melanocyte was 20-40 % of the surface area of the varicosity. The most surprising finding from the serial section analysis was that varicosities present in bundles were as likely as single varicosities to make close associations with VSM cells and were more likely to make close associations with melanocytes.
Synaptic vesicles within the varicosities were of the characteristic size and distribution as previously described (Ho$ kfelt, 1969 ; Luff et al. 1987 Luff et al. , 1991 Luff et al. , 1992 Luff et al. , 1995 Luff & McLachlan, 1988 ; Gabella, 1992 ; Klemm et al. 1992 Klemm et al. , 1993 Choate et al. 1993 ; Hill et al. 1993 ; Klemm, 1995 ; Cottee et al. 1996) . Serial section studies (e.g. Ho$ kfelt, 1969 ; Luff et al. 1987 ; Klemm et al. 1993 ) have shown that small synaptic vesicles (about 50 nm diameter) are predominantly present in varicosities and that large granular vesicles (about 100 nm diameter) are present in a lesser number. Whilst the former are generally localised around the presynaptic membrane, the latter are usually found further away from this region. The consequences of this differential distribution have been attributed to a number of functions, including differential neurotransmitter storage and release (Fried et al. 1985) . It has been proposed that large synaptic vesicles contain neuropeptides and require higher frequency and longer periods of stimulation for their release (Basbaum & Heuser, 1979 ; Thureson-Klein, 1983 ; Burnstock, 1984 ; Lundberg et al. 1986 ; Gabella, 1992) . Neuropeptide Y release from sympathetic nerves in rat iris arterioles has similarly been observed to require such longer duration stimuli (Newhouse & Hill, 1997) .
In our serial sections, we have systematically investigated the distribution of caveolae in relation to regions of close membrane apposition between varicosities and VSM cells. Several previous studies using random sections have suggested some correspondence between the varicosities and the presence or absence of caveolae on the smooth muscle cell membrane (Uchizono, 1964 ; Gabella, 1974 ; Luff et al. 1987 Luff et al. , 1995 . Our results have shown no correlation between the distribution of caveolae and the region of muscle membrane in close apposition to the varicosity.
Reconstruction of serial sections of 7 varicosities has demonstrated a large variation in the size and shape of the varicosities themselves and also of the size of the contact areas irrespective of the postsynaptic cell type. The range of sizes of the areas of contact between varicosities and VSM cells in our study is similar to that observed between varicosities and dilator myoepithelial cells (Hill et al. 1993) . Interestingly, while there was variation in the absolute size of the contact areas, their size relative to the varicosity surface area was similar amongst the different varicosities. Luff (1996) has also noted that the size of contact zones was related to the size of the varicosity. In the present study, contact areas were some 6 times larger for associations with melanocytes than with VSM cells. In a previous study of the innervation of the dilator muscle of the iris (Hill et al. 1993) , contact zones between adrenergic nerves and melanocytes were smaller than those seen here and more similar to the size of contact areas with VSM cells. The closer apposition between varicosities and melanocytes than between varicosities and VSM cells, coupled with the larger area of close contact and the greater number of synaptic vesicles, is suggestive of a greater neural control of these melanocytes than of arteriolar VSM cells or of melanocytes elsewhere in the iris. In support of this contention, simulations of quantal secretion have shown that junctional currents would be halved if separations of varicosity and postjunctional membranes were increased from 50 nm to 100 nm and reduced to 15 % at a cleft width of 150 nm (Bennett, 1996 ; Cottee et al. 1996) . The particularly close associations seen in the present study do not appear to be peculiar to albino animals as similar separations have been observed in pigmented human iris (Mukuno & Witmer, 1977) .
All adrenergic varicosities in close association with VSM cells in serial section were also observed to be in close association with a melanocyte. In contrast, no such dual associations were found between adrenergic varicosities and dilator muscle cells and melanophores (Hill et al. 1993) , although Hill et al. did find cholinergic varicosities innervating both dilator muscle cells and melanophores. Multiple neuroeffector regions have commonly been described from a single varicosity to a single type of effector cell (e.g. Lever et al. 1965 ; Barajas & Muller, 1973 ; Luff et al. 1987 ; Klemm et al. 1992) , but with the exception of Luff et al. (1992) , who described a single observation of a close association between an individual varicosity and both a renin secreting granular epithelioid cell and the surface of Bowman's capsule, no other such observation has previously been reported. Associations of different varicosities from the same axon to different effector cells have however previously been observed (e.g. Luff & McLachlan, 1989) .
Anatomical associations of both adrenergic and cholinergic varicosities with iridial melanocytes have been described by a number of authors (e.g. Ringvold, 1975 ; Olson et al. 1988) , some of whom have suggested a trophic role (Laties, 1974 ; Mukuno & Witmer, 1977) . Rapid and localised colour changes occur in melanocytes of fishes in response to sympathetic nerve activation (Fernando, 1989 ; Sugimoto & Oshima, 1995) . Such changes, however, do not occur in the iris, and consequently the physiological role of the innervation of iris melanocytes has been considered to be unclear (Ehinger & Falck, 1970 ; Hedlund et al. 1984 ; Hill et al. 1993) . It is interesting that, in a case of unilateral Horner's syndrome of postganglionic origin in which the affected eye had subsequently become depigmented, sympathetic nerves were absent and melanocyte numbers reduced (McCartney et al. 1992) . These results provide strong evidence for a functional trophic sympathetic innervation of the stromal melanocytes. Our observations of a dual innervation by sympathetic nerves of melanocytes and iris arterioles may suggest that there is also an
